Chromosomal DNA was extracted from toxigenic Clostridum butyricum strain BL6340 isolated from a case of infant botulism. After digestion by EcoRI, a DNA fragment of about 1 kbp was cloned into Escherichia coli using Agtll, and was subcloned into pUC118. The E coli cells transformed with this cloned fragment produced a 33 kDa protein which reacted with monoclonal antibodies recognizing the light chain (Lc) component of botulinum type E toxin. The nucleotide sequence of the cloned fragment was determined. The sequence was similar to that from botulinum type E toxin gene fragments previously determined by our laboratory (strains Mashike, Otaru and Iwanai). Several highly homologous sequences among the botulinum type A, C, E, butyricum and tetanus toxin genes were found in both translated and untranslated regions. These results suggest that the toxin gene of C. butyricum may have evolved by transfer from C. botuI.um.
Introduction
Clostridium botulinum is the causative agent of foodborne botulism or infant botulism. Neurotoxins produced by the bacteria are classified into seven groups (A to G) based on their antigenicity. Recently, however, Clostridium species other than C. botulinum have been found to produce botulinum neurotoxin. C. butyricum and C. barati produce type E and type F neurotoxins, respectively, which are implicated in the onset of human infant botulism (Hall et al., 1985; McCroskey et al., 1986) . The DNA extracted from a type E toxinproducing C. butyricum strain showed high homology to that obtained from a typical nontoxigenic C. butyricum strain (Suen et al., 1988) . It is therefore important to establish whether toxin genes exist in toxigenic and nontoxigenic C. butyricum strains, and to clarify the mechanism of transfer of toxin genes from C. botulinum to other clostridia. The N-terminal amino acid sequences of botulinum type A, B, C, D and E toxins, and of the toxin produced by toxigenic C. butyricum, have been determined (Gimenez et al., 1988; Moriishi et al., 1989;  ~~ Abbreviation : mAb, monoclonal antibody.
The sequence data in this paper have been submitted to EMBL and have been assigned the accession number X53180. Sathyamoorthy et al., 1985; Tsuzuki et al., 1988) . The 5'terminus and complete nucleotide sequence of type A toxin gene has been reported (Betlay et al., 1989; Binz et al., 1990 ; Thompson et al., 1990) . Recently, the complete nucleotide sequence of the structural gene of botulinum type C toxin and the 5'-terminal nucleotide sequence of the type E toxin gene (strains Mashike, Otaru, Iwanai) have been determined in our laboratory Kimura et al., 1990) . The nucleotide sequences obtained from three type E toxin genes were identical. In this paper, we report the cloning, sequencing and expression of a toxin gene fragment from a toxigenic C. butyricum strain, and compare the 5'-terminal nucleotide sequence (and the deduced amino acid sequence) to those of botulinum toxins type A, C and E, and tetanus toxin. 
Methods

Extraction
520
N . Fujii and others 03% (w/v) glucose, 0.15% (w/v) cysteine hydrochloride, pH 7.2) at 30 "C for 12 h. The cells were collected by centrifugation at 6OOO r.p.m.
(1 1 000 g) for 10 min at room temperature, and resuspended in 20 ml LYG medium containing 8% (w/v) polyethylene glycol 4000, 1OU penicillin G ml-1 and 10 pg lysozyme ml-l, and then incubated at 30 "C for 60-90 min. After centrifugation, the cells were lysed using 2-3% (w/v) of sodium dodecyl sulphate (SDS). Extraction and purification of chromosomal DNA were performed by the procedures described by Marmur (Marmur, 1961) .
Monoclonal antibodies. Three monoclonal antibodies (mAbs) against light chain (Lc) component of type E toxin, EL161-38, EL211-3, EL219-15, were those prepared previously . EL21 1-3 and EL219-15 react only with type E toxin, but EL161-38 also reacts with Lc components of botulinum type B, C, D and tetanus toxins.
Cloning and sub-cloning of the toxin gene. Cellular DNA from toxigenic strain BL6340 was digested by EcoRI (Takara Shuzo Co., Kyoto, Japan), ligated to Agtl 1 EcoRI arms (Promega Corporation), and then packed in uitro by using Packagene (Promega Corporation). The gene library was plated on E. coli Y 1090 (Promega Corporation), and positive clones were immunoscreened using mAb EL161-38 and the ProtoBlot Immunoscreening System (Promega Corporation). The isolated positive clones were purified, and the recombinant phage DNA was extracted. After digestion with EcoRI, the inserts separated from phage DNA were then sub-cloned into the EcoRI site on the polylinker of pUCll8 (Takara Shuzo Co.).
DNA sequencing and Western blot analysis. DNA sequence analysis was performed by the dideoxy termination method using [ C~-~~S ]~A T P (NEN Products) and a T7 DNA sequencing kit (Pharmacia).
Gene products from E. coli strain Y 1090 infected with recombinant phage, and from E. coli strain MV1184 transformed by recombinant piasmids, were analysed by Western blots with mAbs and with alkaline-phosphatase-labelled anti-mouse immunoglobulin G conjugate (Promega Corporation), nitroblue tetrazolium and 5-bromo-4chloro-3-indolyl phosphate. The transformed cells were incubated in 10 ml 2 x TY medium [1-6% (w/v) tryptone, 1 % (w/v) yeast extract, 0.5% (w/v) NaCl, pH 7-61 at 37 "C for 12 h. After centrifugation, the cells were suspended in 1 ml TEP buffer (100 m-Tris/HCl, pH 7.4, 10 m-EDTA, 1 mM-PMSF), sonicated for about 2 min at 0 "C, and centrifuged at 12000 r.p.m. for 10min at 4°C. The resulting supernatants were electrophoresed on 1 2 % (w/v) SDS-polyacrylamide gel, and Western blot analysis was carried out as described previously . Dot blot hybridization. DNA samples (2,20 and 40 pg) from toxigenic and nontoxigenic strains of C. butyricum were spotted on a nylon membrane (Pall Ultrafine Filtration C o p , Glen Cove, NY, USA). After denaturation and neutralization, the membrane was prehybridized in 50% (v/v) formamide hybridization buffer at 42 "C for 12 h, and then hybridized with 35S-labelled toxin probe using a DNA labelling kit (Nippon Gene, Toyama, Japan) at 42°C for 24h according to the procedures described previously . The membrane was washed at 68 "C and autoradiographed.
Results and Discussion
Cloning and gene products
Chromosomal DNA isolated from the toxigenic C. butyricum strain BL 6340 was digested with EcoRI and ligated to Agtll EcoRI arms. After in vitro packaging, Fig. 1 . Western blot analysis of gene products by recombinant phage and plasmid. Cellular extracts from E. coli Y1090 infected with (1) Agtl 1 containing a 1 kbp EcoRI fragment of the butyricum toxin gene (ABU-Ll); (2) Agtll containing a type E toxin gene EcoRI fragment (AEM-Ll); (3) control Agtl 1 ; and from E. coli MVll84 transformed by pUCll8 containing butyricum toxin gene EcoRI fragment (pBU-L1) (4 and 6) or botulinum type E toxin gene EcoRI fragment (pEM-Ll) (5 and 7). The extracts were characterized by Western blots using mAb EL161-38 against botulinum type E toxin light chain. The cells of lanes 1-5, and lanes 6-7 were incubated in the presence and absence of IPTG, respectively. and infection into E. coli, the recombinant plaques were screened for the production of toxin fragments using mAb EL161-38. Several positive clones were detected and one, ABU-L1, was chosen for further study. ABU-L1 DNA was prepared, and found to contain a single 1 kbp EcoRI insert. E. coli Y1090 cells infected with phage ABU-Ll produced a 33 kDa protein which reacted with mAb EL161-38 both in the presence and in the absence of IPTG (Fig. 1 ). In addition, the infected cells reacted with mAb EL211-3, but not with mAb EL219-45 (data not shown). The 1.0 kbp EcoRI fragment was isolated from ABU-L1, and then recloned into the EcoRI site of pUCll8. E. coli strain MV1184, when transformed by the recombinant plasmid (pBU-L1) produced a protein of similar size (34 kDa) as that obtained from the phage clone ( Fig. 1) . These gene products migrated slightly faster than those produced by E. coli cells that had been transformed with phage or plasmid expressing an analogous fragment (about 1 kbp) which encodes the botulinum type E toxin gene .
Susceptibility of insert to endonuclease
The 1.0 kbp EcoRI fragment from pBU-L1 was digested with several restriction enzymes, and the restriction map was found to be similar, but not identical, to that of the analogous 1.0 kbp fragment from the C. botulinum type E toxin gene (Fig. 2 ).
Nucleotide and derived amino acid sequences of butyricum toxin gene EcoRI fragment
The 5'-terminal nucleotide sequence (756 bp) of the butyricum toxin gene and 227 bp of the 5'-untranslated region was determined. The number of nucleotides of the coding and noncoding regions was the same as that of the cloned type E toxin gene fragment . However, the nucleotide sequences of the butyricum and botulinum type E toxin genes were not identical; eight bases in the untranslated region, and 27 bases in the open reading frame were different (Fig. 3) . A Shine-Dalgarno consensus sequence (AGGAGA) was found 14 nucleotides upstream from the translation initiation start codon (ATG). A base sequence corresponding to the -10 consensus region of E. coli (TATAAT) was identified at position 87, but no sequence corresponding to the -35 consensus sequence of E. coli (TTGACA) was detected. Two stem-loop structures, at bases 17 to 48 and 121 to 155, were also detected in the region upstream of the -10 region and the Shine-Dalgarno sequence, respectively. The deduced N-terminal amino acid sequence of butyricum toxin was identical to that previously reported by protein analysis of the toxin (Gimenez et al., 1988) . It was also similar to the protein sequence of the botulinum type E toxin (strains Mashike, Otaru and Iwanai) except for 17 amino acid residues, which were altered by the nucleotide changes described above (Fig. 4) .
Comparison of nucleotide and amino acid sequences of the putative toxin gene with those of botulinum type A, C and tetanus toxins
As described above, the nucleotide sequences of butyricum and type E toxin gene fragments were similar in both the noncoding and coding regions. Since the nucleotide sequences of types A, C and E, and tetanus toxin gene have been determined, the sequences of these five toxin genes were compared. There exist several regions of homologous sequence in both untranslated and translated regions (Fig. 3) . In the untranslated region, it was very easy to find sequences corresponding to a Shine-Dalgarno sequence which is presumably involved in the initiation of translation of the toxin genes. In contrast, the sequence corresponding to the -10 and -35 regions was difficult to identify, due to the high A-T content of the DNA. However, one potential -10 region was identified 121 bp upstream from a S hine-Dalgarno region.
In addition to these probable -10 and Shine-Dalgarno regions, we identified highly homologous sequences of ATGATAAAT and TATAAAAAATCA at about 2 and 21 bp downstream of the probable -10 region of the C. butyricum, C. botulinum type E and tetanus toxin genes, and the sequence ATATTAAA was found between the probable promoter and Shine-Dalgarno regions in all of the C. butyricum, type A, type C, type E and tetanus toxin genes. We propose that these homologous sequences may play a role in regulation of expression of the toxin genes.
It has been reported that tetanus toxin and the different types of botulinum toxins possess several consensus amino acid sequences of between 7 and 20 residues in length . In addition to these sequences, we found three other highly homologous regions in botulinum type A, C, E, butyricum and tetanus toxins (Fig. 4) . The nucleotide sequences corresponding to these three homologous regions were also quite similar to each other (Fig. 3) . One region (amino acid residues 65 to 85 in butyricum toxin) was hydrophilic, and another, the region 201-223, was hydrophobic. This hydrophobic region might conceivably play a role in spanning the mammalian cell membrane, as suggested for tetanus toxin by Eisel et al.
(1 986).
Detection of toxin gene in toxigenic and nontoxigenic strains of C. butyricum
DNA samples (2, 20, and 40 pg) from one toxigenic and nine nontoxigenic strains of C. butyricum were spotted on a nylon membrane, and the membrane was hybridized with the 1 kbp EcoRI probe from the C. butyricum toxin N . Fujii and others Binz et al., 1990) , type C (Kimura et al., 1990) , type E (Fujii et al., 1990) and tetanus (Eisel et al., 1986) gene. A positive reaction was observed only with DNA from the toxigenic strain, BL6340 (data not shown). The nucleotide sequences of the toxin genes from C. butyricum and C. botulinum strains were quite similar in both coding and noncoding regions. Therefore, it is quite possible that a nontoxigenic C. butyricum strain has become toxigenic by acquiring the toxin gene from a C.
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botulinum type E strain; the toxin gene could perhaps have been transmitted from C. botulinum type E to C. butyricum cells through some transmissible vector, e.g. a bacteriophage or a plasmid.
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